1. The waterfall effect 26 Lenard (1892) reported that the air near the base of a waterfall was negatively charged; subsequent 27 laboratory experiments indicated that breakup of the water stream is required; a jet of water did not 28 lead to charge separation (Lenard, 1915) . The phenomenon now known as Lenard, waterfall, 29 balloelectric or spray electrification is well established, having been confirmed at various times and 30 places (Natanson,1950) (Pierce,1965) (Reiter, 1994) (Laakso, 2007) (Kolarz, 2012) . Recent work has 31
shown that the numbers of both negatively and positively charged small clusters of water molecules less 32 than 30 nm in diameter are increased but that the negatively charged 'air ions' are at least ten times 33 more numerous than the positive ones (Kolarz, 2012) . spray. There does not appear to be any independent evidence for this orientation of water dipoles at 44 the interface (Liu, 2012) (Samson, 2013) . 45
3.
The hydroxide ion charge have been refined and repeated many times, always with the same result: the bubbles are negative. Oil 50 drops in water behave similarly. It has long been known that they spontaneously acquire a negative 51 charge and migrate toward the positive electrode in a dc electrophoresis cell (Carruthers, 1938) . From 52 the pH dependence of the zeta potential, it was inferred that adsorption of hydroxide ions was 53 responsible for the negative charge (Carruthers, 1938) (Marinova, 1996) . By measuring the pH changes 54 accompanying the formation of an emulsion with its large surface area, the surface charge density of oils 55 that have very low solubilities in water is obtained (Beattie, 2004) . Its value of ~5 µC cm -2 corresponds 56 to the adsorption of one hydroxide ion on every 3 nm 2 of the oil surface, and is nearly independent of 57 the identity of the oil. Although the surface charge density at the air/water interface has not been 58 measured directly, the similarity of the pH dependence of the zeta potentials indicates that it must be 59 almost the same. Indeed the surface charge density at the Teflon/water interface of 4 µC cm The waterfall effect is hence the consequence of the spontaneous negative charge of the air/water 96 interface followed by the shear rupture of the overall neutral drop into nanoscopic negative fragments 97 from the surface with a net positive charge in the core. 98
4.
Other manifestations 99
